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PURPOSE:To prevent useless toner consumption and soiling in a device caused by toner sticking to 
non-electrified area on the surface of a photosensitive drum 1 at the time of starting the operation of a 
device and at the time of ending the operation. 

CONSTITUTION:At the time of starting the operation of the device, a bias having a polarity same as 
that of toner is impressed on a conductive substrate of the photosensitive drum 1 by an electrostatic 
latent image carrier bias impressing circuit 18 (A), a rotary driving of the photosensitive drum 1 (D) 
starts after the impressed bias rises to a potential capable of preventing the toner sticking. Meanwhile, 
at the time of ending the operation of the device, impressing the bias by the electrostatic latent image 
carrier bias impressing circuit 18 is stopped after the photosensitive drum 1 completely stops rotating. 
Thus, a prescribed potential is surely formed between the photosensitive drum 1 and a developing 
roller 2 at the time of starting the operation of the device and at the time of ending the operation, then, 
the toner is prevented from sticking to the surface of the photosensitive drum 1 . 
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1 cD^®'lt»#:»c/WT;=<.SrPPAPi-5»{c«®gS2 
S:l^!l)bi^»tSifi«S*s*>5<0-e. ^®8&2<Oi^»)^K*s 
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/tic-es>»). iti:^«j®lSh-^— iHiiijiitti 3. 6iiig/ 

^^Lfc^-a-, iK»f|tih*^P>l#^(c^^^fit) (C. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely, 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The source electrode which supplies a carrier to a semi-conductor, and the drain electrode which absorbs the 
above-mentioned carrier from the above-mentioned semi-conductor, The current path which the part becomes from a 
semi-conductor at least through the above-mentioned drain electrode from the above-mentioned source electrode, The 
gate electrode which controls the flow of the carrier in the above-mentioned current path, and the 1 st field, the 2nd field 
and the 3rd field which adjoin in the above-mentioned current path from the above-mentioned source electrode to the 
above-mentioned drain are provided. The 1st field of the above, the 2nd field of the above, and the 3rd field of the above 
are set up so that it may become this potential mostly in each field. Between the 1st field of the above, and the 2nd field 
of the above, it has the 1st transition region. It decreases in an increment or monotone in monotone as the potential 
which has the 2nd transition region between the 2nd field of the above and the 3rd field of the above, and removed the 
interaction between carriers in the 1st transition region of the above approaches the 2nd field of the above from the 1st 
field of the above. The semiconductor device with which the average electron number in the 2nd field of the above is 
characterized by piece extent or below a piece changing switching to the OFF state to which a current does not flow 
from the ON state to which the die length and operating temperature of the 2nd field of above are set as a predetermined 
value, and a current flows between source drains. 

[Claim 2] The semiconductor device characterized by coming to fill the conditions of LT<1000 (the unit of nm and T is 
K for the unit of L) between die-length L of a field 2, and operating temperature T in the semiconductor device of claim 
1. 

[Claim 3] The source electrode which supplies a carrier to a semi-conductor, and the drain electrode which absorbs the 
above-mentioned carrier from the above-mentioned semi-conductor, It comes to provide the current path which the part 
becomes from the above-mentioned semi-conductor at least from the above-mentioned source electrode through the 
above-mentioned drain electrode, and, as for the above-mentioned current path, has a barrier field. The above- 
mentioned barrier field Form the barrier to migration of the carrier from the source to a drain, and a gate electrode is 
formed near the above-mentioned barrier field. By changing the potential of the above-mentioned gate electrode, change 
the height of the above-mentioned barrier and the current between source drains changes. The transistor to which the 
average electron number in the above-mentioned barrier field is characterized by piece extent or below a piece changing 
switching to the OFF state to which a current does not flow from the ON state to which the die length and operating 
temperature of the above-mentioned barrier field are set as a predetermined value, and a current flows between source 
drains. 

[Claim 4] The transistor characterized by a barrier field consisting of Si in the transistor of claim 3. 

[Claim 5] The transistor characterized by fulfilling the conditions of LT<1000 (the unit of nm and T is K for the unit of 

L) between die-length L of a barrier field, and operating temperature T in the transistor of claim 3. 

[Claim 6] The 1st transistor to which the drain source path was connected between the 1st action potential point and an 

output terminal, The 1st transistor to which the drain source path was connected between the above-mentioned output 

terminal and the 2nd action potential point is provided. The 1st and 2 above-mentioned transistor is a transistor of claim 

3. The 1st and 2nd transistor Are the same conductivity type, and according to an input signal, the gate terminal of the 

1st transistor and the gate terminal of the 2nd transistor are in phase, and change. When an input signal is high-level, the 

1 st transistor will be in an OFF state and the 2nd transistor will be in an ON state. The amplifying circuit characterized 

by designing the 1st and 2nd transistor so that the 1st transistor will be in an ON state and the 2nd transistor may be in 

an OFF state, when an input signal is a low level. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the transistor circuit using the basic semiconductor device structure and 

this which constitute integrated circuits, such as a microprocessor of a super-low power, and memory. 

[0002] 

[Description of the Prior Art] In the semiconductor device used with the conventional integrated circuit, whenever a 
transistor switches once, also at the lowest, 100000 electrons flow. For this reason, even if movement of a lot of 100000 
or more electrons has forgotten for a while that an electron is a particle and dealt with it as a continuous (it is (for 
example, like water)) fluid, exact modeling was possible for it. For example, exact modeling was possible even if it used 
average grain density n (x) as a variable in device simulation, not using the particle location and the total particle 
number of each particle as a variable. However, by the flow of a particle called an electron, the phenomenon in which it 
cannot be explained that the fact that the current is realized is not taken into consideration is discovered, and attention is 
recently attracted. This is called the single electronic charging phenomenon. At the beginning, being generated in the 
structure which connected to the serial the tunnel junction which consists of a metal as shown in drawing 14 , and an 
insulator layer was foreseen theoretically, and, also experimentally, such a phenomenon was observed (KE KE 
RIKAREFU, granular nano electronics, the 371st page or the 391st page, a plenum press, 1991, K.K.Likharev, Granular 
Nanoelectronics, Plenum Press, 1991). Then, it was observed that the single electronic effectiveness arises similarly in 
the double barrier structure of a semi-conductor (physical review Letters besides you Moey Love, 65 volumes, 771 
pages, 1990, U.Meirav, et al, Phys.Rev.Lett., 65, 1990). The structure used for this experiment is shown in drawin g 1 5 . 
Furthermore, it is pointed out by controlling from the outside the amount of charges of the isolated field across which 
two barrier faced that it can use as a 3 terminal device as pointed out by RIKAREFU. RIKAREFU is calling such a 3 
terminal component the "single-electron transistor." In a single-electron transistor, a drain current vibrates periodically 
to gate voltage. That is, if gate voltage is increased from OV, an ON state and an OFF state will appear periodically. 
Responding to the electron number of an isolated field carrying out the increment in a piece of this period of vibration is 
known. Therefore, an ON state and an OFF state can be changed by change of the electron number of one or less piece 
(isolated field). In the present micro-processing skill level, since change of the electrostatic energy produced by 
migration of an electronic piece is small, it is at the phase where the actuation in very low temperature of IK or less is 
checked. However, if detailed-ization will be advanced further from now on and capacity C can be made small, it is 
indicated that the actuation in an elevated temperature also becomes possible. If this single-electron transistor is used, it 
is pointed out that the amplifying circuit which operates with a low power extremely, a logical circuit, etc. are 
realizable. This is because turning on and off is changed by driving the charge of the amount e of electronic charge as 
mentioned above. Even if the power consumption of an integrated circuit is increasing quickly and uses a CMOS 
technology focusing on a microprocessor recently, even the thing accompanied by the big power consumption of 30W is 
appearing with one chip. This is becoming very important [ stopping power consumption low ], in order to already have 
carried out, to have arrived at the limitation of air cooling and to realize a future high performance integrated circuit. If 
the above-mentioned single-electron transistor is put in practical use, the integrated circuit of a super-low power of 
1/100000 [ conventional ] becomes possible, and the industrial meaning is very large. 
[0003] 

[Problem(s) to be Solved by the Invention] The present single-electron transistor is the level on which the principle 
experiment was conducted with the device produced as an object for research of basic physics, and the component 
which can be used for an actual integrated circuit is not produced, and is not clarified about the technical technical 
problem for it until now, either. We discovered the following troubles, as a result of examining uniquely the technical 
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technical problem in the case of building a single-electron transistor. In order to operate with a current value with the 
realistic single-electron transistor using the tunnel junction of the conventional metal, it is necessary to use a very thin 
insulator layer as barrier. It is because barrier thickness comparable as electron wavelength is needed in order for the 
current by the tunnel effect to flow. It is very difficult actually to control the thickness of an insulator layer, and a 
metal / insulator layer interface by atomic level (angstrom level), in order to stabilize tunnel current with a sufficient 
controllability at this time, and to actually perform this. Moreover, since the capacity between source isolated fields or 
between drain isolated fields will become large if such a thin insulator layer is used, there is a problem of not being 
suitable in high-speed operation. Furthermore, it is equivalent to change of electrostatic energy when the electron of a 
piece moves to an isolated field from the source being small that capacity is large. Because, electrostatic energy when 
Charge e is stored in Capacitor C is expressed as e2/(2C). Here, e is the amount of electronic charge. Therefore, even if, 
as for C being large, an electronic piece is charged, change of energy means a small thing. If this energy is farther [ than 
heat energy kT ] small, migration of an electronic piece piece will not become a problem. For this reason, in the single- 
electron transistor using the tunnel junction by the above-mentioned metal insulator layer, there is a problem of 
operating only by very low temperature. 

[0004] In the single-electron transistor (refer to drawing 15 ) by the double barrier using a semi-conductor, there are an 
advantage that the height of the barrier is electrically controllable from the outside, and an advantage that the height of 
the barrier can be made low when using an insulator layer. For this reason, the barrier can be designed thickly and there 
is an advantage that capacity C can be made smaller than metal junction. Furthermore, since the ultra-fine processing 
technology used for the conventional semiconductor integrated circuit can be used, there is an advantage that cost for 
researches and developments and manufacture is made small. However, the conventional single-electron transistor 
needs to form two barrier in forming one component, as shown in drawing 14 and 15. When it is going to change the 
height of two barrier, and the potential of an isolated field independently, three control electrodes are needed (with the 
conventional structure of drawing 15 , the potential of the n+GaAs gate field on a background is changed to changing 
the potential of an isolated field.). In order to consider as an integrated circuit, it is necessary to also install this electrode 
in a top face, and three control electrodes are required for a top face together with two electrodes for control of the 
barrier. A big area is required compared with a conventional field effect transistor (FET) and a conventional bipolar 
transistor. Furthermore, since the amount of currents varies by the variation in the height of two barrier, and the width of 
face of the barrier, there is a problem that it is difficult to arrange the property of many components on integrated-circuit 
level. 

[0005] This invention is made on the basis of examination by the above-mentioned this invention persons, since the 
purpose has simple structure, small, the variation in a property is small and area is to offer the semiconductor device 
based on the new principle also suitable for a super-low-power integrated circuit. 
[0006] 

[Means for Solving the Problem] The source electrode which supplies a carrier to a semi-conductor according to the 
semiconductor device by this invention in order to attain the above-mentioned purpose, and the drain electrode which 
absorbs the above-mentioned carrier from the above-mentioned semi-conductor. The current path which the part 
becomes from a semi-conductor at least through the above-mentioned drain electrode from the above-mentioned source 
electrode, The gate electrode which controls the flow of the carrier in the above-mentioned current path, and the 1st 
field, the 2nd field and the 3rd field which adjoin in the above-mentioned current path from the above-mentioned source 
electrode to the above-mentioned drain are provided. The 1st field of the above, the 2nd field of the above, and the 3rd 
field of the above are set up so that it may become this potential mostiy in each field. Between the 1st field of the above, 
and the 2nd field of the above, it has the 1st transition region. It decreases in an increment or monotone in monotone as 
the potential which has the 2nd transition region between the 2nd field of the above and the 3rd field of the above, and 
removed the interaction between carriers in the 1st transition region of the above approaches the 2nd field of the above 
from the 1st field of the above. The die length and operating temperature of the 2nd field of above are set as a 
predetermined value, and it is characterized by the average electron number in the 2nd field of the above changing 
switching to the OFF state to which a current does not flow in piece extent or below a piece from the ON state to which 
a current flows between source drains. 

[0007] Moreover, the source electrode which supplies a carrier to a semi-conductor according to the transistor by 
another operation gestalt of this invention, It leads to the above-mentioned drain electrode from the drain electrode 
which absorbs the above-mentioned carrier from the above-mentioned semi-conductor, and the above-mentioned source 
electrode. It comes to provide the current path which the part becomes from the above-mentioned semi-conductor at 
least, and, as for the above-mentioned current path, has a barrier field. The above-mentioned barrier field Form the 
barrier to migration of the carrier from the source to a drain, and a gate electrode is formed near the above-mentioned 
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barrier field. By changing the potential of the above-mentioned gate electrode, change the height of the above- 
mentioned barrier and the current between source drains changes. The die length and operating temperature of the 
above-mentioned barrier field are set as a predetermined value, and it is characterized by the average electron number in 
the above-mentioned barrier field changing switching to the OFF state to which a current does not flow in piece extent 
or below a piece firom the ON state to which a current flows between source drains. 

[0008] Furthermore, the 1st transistor to which the drain source path was connected between the 1st action potential 
point and an output terminal according to the transistor circuit by another operation gestalt of this invention, The 1st 
transistor to which the drain soxirce path was connected between the above-mentioned output terminal and the 2nd 
action potential point is provided. The 1st and 2 above-mentioned transistor is the semiconductor device of the above- 
mentioned configuration, or a transistor of the above-mentioned configuration. The 1st and 2nd transistor is the same 
conductivity type, and the gate terminal of the 1st transistor and the gate terminal of the 2nd transistor are in phase 
according to an input signal, and it changes. When an input signal is high-level, the 1st transistor will be in an OFF state 
and the 2nd transistor will be in an ON state. When an input signal is a low level, the logical circuit which used this is 
constituted in the amplifying-circuit pan characterized by designing the 1st and 2nd transistor so that the 1st transistor 
will be in an ON state and the 2nd transistor may be in an OFF state, 
[0009] 

[Function] According to the typical operation gestalt ( drawin g 1 ) of this invention, in order for what is necessary just 
to be to form one barrier on the current path fi:om the source to a drain, compared with the conventional single-electron 
transistor ( drawin g 1 5 ), structure becomes easy. For this reason, 3 terminal component of this invention is realizable in 
an area comparable as conventional FET. Moreover, in order to control a current only by the single barrier, compared 
with the case of two conventional barrier, the variation in a property becomes small relatively, the electron number 
which exists in the barrier ~ the ON state and OFF state of FET - at most - since only piece extent changes, power 
required for this switching is very small. Therefore, the integrated circuit device of a super-low power is realizable. 
[0010] 

[Example] Hereafter, the 1st example of this invention is explained with reference to dra wi ng 1 and drawing 2 . 
Although this example shown in drawing 1 and drawing 2 has the same structure as the conventional MOSFET 
apparently, it has structure designed so that the conventional MOSFET might show completely different actuation, as 
shown below. 1, the high high-impurity-concentration n mold Si field whose 2 is the source and a drain field, 
respectively, and 3 are gate electrodes. A channel field consists of Si (silicon) of p mold, i mold, or a low high-impurity- 
concentration n mold. Channel length is formed very minutely with lOnm, and channel width is lOnm. Operating 
temperature is typically set as the very low temperature of 30K. 

[001 1] The potential over the electron between source drains is shown in drawing 3 . That is, since the donor impurity 
(just charged) which ionized the source drain field of n mold is contained in high concentration, the potential energy to 
an electron is low. On the other hand, the channel field forms the barrier to an electron. If potential of a gate electrode is 
made high in the forward direction, the height of the barrier will become low and the electron number in the barrier will 
increase it. In the actuation of MOSFET by which prototype or theoretical examination was carried out till the present, 
the drain current is also increasing with the increment in this electron number (refer to dra win g 4 ), and this is believed 
as a fact which continues not to change (this is exceptional although the inclination for a drain current to decrease 
slightly with the increment in an electron number may be seen, if electron density turns into high concentration 
extremely or vertical electric field become very strong at Si-Si02 interface). 

[0012] However, when this example was operated at lOOK or less low temperature, it became clear by examination of 
artificers that completely different actuation is shown conventionally. The current potential property of this invention is 
shown in draw ing 4 . A drain current vibrates very violentiy to the average electron number in a channel. That is, an ON 
state and an OFF state are repeated periodically. This period of vibration corresponds to the increment in gate voltage 
required for making an electronic piece increase into a channel. In this current potential property, there is a field where a 
drain current decreases with the increment in gate voltage, and negative resistance is shown. 

[0013] This vibration can confirm responding to carrying out the piece increase and decrease of the electron number in a 
channel with a means realistic as follows. It is the approach of investigating whether the 1st approach corresponding 
with gate voltage e/Cg required evaluating the capacity Cg between gate channels and for a period of vibration 
fluctuating an electronic piece (e is the amount of electronic charge here). It is the approach of confirming whether the 
gate voltage corresponding to a period of vibration is mostiy in inverse proportion to channel length by carrying out 
creation evaluation of the component of the same structure where only channel length (this is the die length of a barrier 
field) differs, as the 2nd approach. 

[0014] The mechanism which this vibration produces is explained below. Expressing the capacity Cg between channel 
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gates, the capacity between the channel sources and the capacity between channel drains presuppose that it is far smaller 
than Cg. In order to simplify explanation, a drain electrical potential difference considers the case of being small, 
compared with the electrical potential difference between the gate sources. Electrostatic energy U of this transistor is 
expressed with a degree type. 

U=Q2/(2Cg)-QVg - Q is the amount of electronic charge in a channel, Vg is gate voltage, the 1st term of the right-hand 
side is the energy stored in Cg, and the 2nd term is energy which a transistor gets from a power source here. This 
formula is rewritten like a degree type. 
U=(Q-CgVg)2/(2Cg>Q2/(2Cg) 

This formula shows that U becomes minimum value-Q2/(2Cg) clearly at the time of Q=CgVg. If Q can take any value 
continuously, this minimum value should actually be realized. However, when it takes into consideration that an 
electron is a particle in fact, Q does not have integral multiple disregard Rie of e. Q=CgVg stops therefore, realizing 
generally. What is actually realized is in the condition that energy is the smallest, in the inside in the discrete condition 
of calling it Q=Ne (N= 0, 1, 2 ...). This can be found as follows from easy count. 
[0015] 

- Make it be the same as that below of Q=e at the time of Q= 0 or ee/(2Cg) <Vg<3e/(2Cg) at the time of Q=0 Vg=e/ 
(2Cg) at the time of e/(2Cg) <Vg<e/(2Cg). They are Q=Ne or (N+1) e (1) at the time of Q=NeVg=e(2N+l)/(2Cg) at the 
time of e(2N-l)/(2Cg) <Vg<e(2N+l)/(2Cg). 

Although N naturally increases with the increment in gate voltage, if the discreteness of a charge is taken into 
consideration, N increases stair-like. What an electron recognizes N individual existence for into the barrier now is a 
stable juniper. At this time, since total energy is higher than the condition of N individual, neither N-1 condition nor 
N+1 condition is realized. Therefore, in this condition, an electron is not allowed that an electron also enters into the 
barrier from from outside the barrier, and to go away out of the barrier out of the barrier, either. It is extent which can 
consider that the electron which had high energy thermally rare by chance goes the inside of the barrier, and outside in 
and out. In this condition, a drain current hardly flows. That is, it is in an OFF state (in order for such an OFF state to be 
realizable, it is needed that the difference of the energy of the system in the condition of an electronic N individual and 
N+1 condition is larger than heat energy kT). On the gate voltage conditions on which Q changes from Ne to e exactly 
(N+1), the condition of Q=Ne and the condition of Q=(Nh-1) e become the exactly same energy. At this time, a drain 
current flows according to the device shown in drawing 16 . That is, supposing an electron is in the condition of N 
individual at the first moment (t= 0), although piece impregnation of the electron is carried out into the barrier from the 
source and it will be in N+1 condition at t=tl, energy is not needed at all. Energy does not need (the electron number in 
the barrier serves as N individual from N+1 piece) for one electron going away in a drain out of the barrier at t=t2 at all 
after that. By repeating this, a carrier can be poured from the source to a drain (the condition of N individual and N+1 
condition are changed by turns). A carrier flows from a drain also to the source according to the completely same 
mechanism. By establishing the potential difference between the drain sources, the carriers which flow from the source 
to a drain increase in number more than the carrier which flows to an opposite direction, and a current flows between 
the drain sources. That is, it tums out that this is an ON state. If gate voltage is made to increase fiirthermore, N+1 piece 
will be in a stable condition, and a drain current will not flow. As mentioned above, only in the discrete conditions 
which fill the conditions of a formula (1) with an absolute zero-point, it will be in an ON state. This ON state is periodic 
to gate voltage so that clearly from a formula (1). Therefore, in this example, it tums out that an ON state and an OFF 
state are repeated periodically. Although the absolute value of a current decreases also in the gate voltage near 
[ although the above was the argument on an absolute zero-point ] the conditions which will be in the above-mentioned 
ON state at the temperature of finite, a current will flow. Therefore, the property shown in drawin g 4 has been 
explained. 

[0016] As mentioned above, in this invention, change of the average electron number in the barrier when changing from 
an ON state to an OFF state has been the big description which does not have a point below of a piece in the former. For 
example, by the ON state, they are an average of N+0.5 pieces to the electron number in the barrier having been N 
individual in the above-mentioned OFF state. Therefore, in this example, there is only a difference of 0.5 electrons at an 
ON state and an OFF state. In the conventional MOSFET, it has not been a problem by the ON state and the OFF state 
how the number of the electrons in the barrier changes until now. Since this is boiled not much and serves as a large 
number, it is because it is common that do not make it a problem but change of electron density discusses rather as for 
the number of electronic one by one. For example, in the channel of 0.3 -micron channel length^s MOSFET by which the 
integrated circuit of current research level is produced, about 100000 electrons exist by the ON state, and it becomes 
about zero piece in an OFF state. When using the electron of such a large number, it does not become a problem 
whether the number of the electrons in an ON state is 100000 or they are 100001 pieces at all. 
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[0017] It is decided by change of the energy of a system when gate voltage is fixed and only a piece increases the 
number of the electrons in a channel (inside of the barrier) whether the property of a transistor will turn into a property 
which increases in monotone to gate voltage as known conventionally, or it will become the property of vibrating like 
this invention. When the dimension of a transistor is set as a predetermined value, and being set up so that this energy 
change may become sufficiently large rather than heat energy kT, the current potential property of vibrating like this 
invention is acquired. It argues about the concrete conditions which realize this later. 

[0018] Conventionally, it was known for the device ( drawin g 14 , 15) which has the field isolated by two tunnel barrier 
like this invention that the property accompanying the change in an electronic piece of vibrating (as opposed to gate 
voltage) will be acquired. (KE KE RIKAREFU, granular nano electronics, the 371st page or the 391st page, a plenum 
press, 1991, K.K.Likharev, Granular Nanoelectronics, Plenum Press, 1991; physical review Letters besides you Moey 
Love, 65 volumes, 771 pages, 1990, U.Meirav, et al, Phys.Rev.Lett, 65, 1990) . However, in the component which has 
a single barrier field like this invention, it was not known at all that such a property will be acquired. 
[0019] Moreover, as shown in drawing 5 , a drain current goes up stair-like to the increment in a drain electrical 
potential difference. On the other hand, in the conventional MOSFET, a drain current increases smoothly to a drain 
electrical potential difference. 

[0020] this invention persons solved the conditions to which a completely different current potential property firom the 
former described above appears in a transistor by computer simulation. Consequently, it found out that it was necessary 
to fiilfiU the conditions of LKIOOO to all the combination of channel length L and temperature T. This is concretely 
shown in drawin g 6 . By drawin g 6 , channel length L is fixed to any value, and change of the drain current when 
changing temperature T is shown. As for Conditions c, the currents of the conditions fi-om which a current serves as 
max in the drain current on which drawing 4 vibrates, and Conditions d are the conditions used as min. Whenever it 
takes 1000/(LT) along an axis of abscissa like drawing 6 and arranges a drain current on an axis of ordinate, it becomes 
the same graph irrespective of the value of channel length L at a surprising thing. That in which vibration appears (a 
current becomes small rather than c in the conditions d that gate voltage is high) corresponds to the conditions of 
LT<1000 about. Therefore, it is necessary to fiilfill this condition to carry out this invention. LT> The current potential 
property of vibrating on condition that 1000 is no longer observed at all, and serves as actuation as a conventional 
MOSFET. 

[0021] An example 2 is explained below. The circuit diagram of the inverter circuit which used this invention is shown 
in drawin g 7 . The cross-section structure of the transistor used for this inverter circuit is shown in drawin g 8 . By 
forming a channel with n mold impurity, the threshold voltage of a transistor is set as less than [ OV ]. By preparing an 
offset part between the gate and a drain, the electrical potential difference on which the drain current over the electrical 
potential difference between gate drains starts is set up highly. Therefore, the gate voltage dependency of a drain current 
turns into a property shown in drawin g 10 . Even if the electrical potential difference of +Vb is impressed between the 
gate sources, and the electrical potential difference of -Vb is impressed, threshold voltage is set up so that a drain 
current may flow. Supply voltage Vcc of this inverter circuit is set to Vb. 

[0022] It is the following that this circuit works as an inverter, and it can be made and shown. Since the electrical 
potential difference of H-Vb will be impressed between the gate sources of Ml if an input becomes high-level, it will be 
in an ON state. On the other hand, since the electrical potential difference of OV is impressed between the gate sources 
of M2, it will be in an OFF state. Therefore, Ml discharges the load-carrying capacity of an output, and an output serves 
as a low level. After an output serves as a low level, the electrical potential difference of +Vb is impressed between the 
gate drains of M2, but as shown in drawin g 10 , to the electrical potential difference between gate drains, come and it is, 
and since an electrical potential difference is high, M2 is an OFF state. When an input changes from a high to a low, it is 
between the gate sources of M2. - Since the electrical potential difference of Vb is impressed, it will be in an ON state, 
and an output is charged. At this time. Ml is an OFF state. After charging an output and becoming high-level, it is 
between the gate drains of Ml. - Although the electrical potential difference of Vb is impressed, Ml becomes OFF as 
shown in drawin g 10 . In any case, since a current hardly flows in a steady state, the current consumption at the time of 
a stand motorcycle is small, 

[0023] The same FET can be used for a pull-up circuit and a pulldown circuit in this circuit. Therefore, it has the 
description it is featureless to the conventional CMOS device that a logical circuit can be constituted from one kind of 
FET. In usual CMOS, since it is necessary to form nMOS and pMOS, a production process becomes complicated. 
Furthermore, in CMOS, nMOS is formed in p wells and pMOS is formed in n wells, the time of arranging a CMOS 
device superficially - this well - big allowances are needed for performing separation of a between. In this invention, 
since there is no need for such a well, area is made small. 

[0024] The input capacitance of the inverter of this invention is very small. If 77K actuation is assumed, an input 
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capacitance will serve as 4aF extent. Even if a voltage swing sets to 30mV and it assumes the ultra high-speed machine 
cycle of 4GHz, power serves as a very small value of 1 pW. Even if it assumes power called 1 W per one chip, super- 
high accumulation called the lOOG gate is attained at one chip. 

[0025] The transfer characteristics of the inverter circuit of this example are shown in drawing J 1 . It is clear for there to 
be voltage gain clearly and to have voltage amplification capacity. Therefore, this example can be used also as an analog 
amplifying circuit only as an inverter circuit as a logical circuit. 

[0026] Although the above explanation showed the example of an inverter, it is clear that the combinational logic of the 
arbitration which compounded NAND, NOR, or these similarly is made by the same configuration as a CMOS circuit. 
[0027] Since it answers to the input of a very minute charge, this invention can be used also as a detector of a feeble 

charge, 

[0028] According to this invention, the active element by the change in a single electron is realizable with an easy 
production process equivalent to the conventional MOSFET. Since there is only one barrier, the area of this component 
becomes comparable as MOSFET. It is not necessary to form two barrier like the former, and area is small. Since 
change of the amount of charges currently accumulated between an ON state and an OFF state is very small, the 
integrated circuit device of a super-low power is realizable. 

[0029] although the above explained MOSFET to the example - the former, such as HEMT, JFET, MESFET, and a 
bipolar transistor, - carrying out -********** ~ oh, also in a **** transistor, actuation by the single electron is 
realizable by the same principle. At the point currently controlled by potential which impresses the number of the 
carriers exceeding the single barrier which each of these shows to drawing 2 to a control electrode (gate or base), since 
there is no difference in any way, the above argument is realized as it is. 

[0030] Although the n channel transistor was explained to the example, in a p channel, this invention can consist of this 
examples 2 similarly. 

[0031] An example 3 is explained below. The above-mentioned example 2 explained the device structure and circuitry 
which use positively the current potential property that this invention vibrates. However, it is clear by combining the 
transistor of the n channel of this invention, and the transistor of the p channel of this invention like conventional 
CMOS, as shown in drawing 17 and 18 that an inverter can be constituted. The dimension of the transistor at this time 
can be similarly decided to be an example 1 . 

[0032] The 4th example of this invention is shown in drawing 12 . It has the structure of MOSFET which has the two 
gates. The channel width as which channel length is selected at intervals of the isolation (7) by 5nm and the oxide film 
is 5nm. Operating temperature is 150K typically. n+ Fori Si constitutes the 1st gate and p+ Fori Si constitutes the 2nd 
gate. 0 or a negative electrical potential difference is impressed to a forward electrical potential difference and the 2nd 
gate at the 1st gate. By work of the 2nd gate, as for the field of the both ends of a channel field, the height of the barrier 
to an electron becomes high and a channel becomes impossible. Since the work function is large, having made the 2nd 
gate into p+ Fori Si aims at the work to which the electrical potential difference of the 2nd gate makes channel width 
small also for OV being obtained. Although the 2nd gate can also be made into n+ Fori Si, it is necessary to impress a 
negative electrical potential difference in this case, and the configuration of a power source becomes complicated. By 
work of the 2nd gate, effectual channel width becomes much smaller than 5nni. Therefore, the repulsive force by the 
average Coulomb force between electrons becomes large. Since the effectual width of face of a channel is small, this is 
clear, if it considers becoming almost close to a head-on collision when the electron whose number is two collides. 
According to this effectiveness, the transistor actuation by the change in a single electron is attained firom the structure 
of an example 1 to an elevated temperature. 
[0033] 

[Effect of the Invention] According to this invention, it is realizable in the easy manufacture process as the conventional 
MOSFET that an average of one or less transistor which operates by the change in a small number of electron extremely 
is the same. Moreover, in order that this invention may just form the barrier field of a piece, it can do area small 
compared with the conventional single-electron transistor, and is suitable for high integration. Moreover, since structure 
is easy, it is hard to be influenced of the variation in a device dimension. In the logical circuit using the transistor of this 
invention, since it is not necessary to separate a well, compared with conventional CMOS, area can be too made small. 
Since the logical circuit using this invention has the small input capacitance, it can do power consumption small, 
therefore is made into a low power, and is suitable for high accumulation. Power consumption reaches a limitation and, 
as for the integrated circuit by the conventional MOSFET, the further future high integration is becoming difficult. By 
using this invention, power consumption can be made small with 1/100000 [ conventional ], the integrated circuit of 
high accumulation can be realized also 100000 times fi"om before, and the industrial value is large. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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